This study aimed to investigate the potential predictive factors for platinum resistance and poor prognosis in epithelial ovarian, fallopian tube, and primary peritoneal cancer treated with platinum-based chemotherapy.
Introduction
Ovarian cancer is ranked as the 8 th most common cancer among women worldwide, with an age-standardized incidence rate of 6.6. Epithelial ovarian cancer (EOC) accounts for over 90% of all ovarian cancers [1] . Since there is no effective screening test for EOC, over 75% of the patients in the sample were diagnosed with cancer at an advanced stage, resulting in poor outcomes. The standard treatment consists of surgery followed by platinum-based chemo-therapy, usually administered in 6 cycles of carboplatin and paclitaxel (PT) with or without bevacizumab. However, the median progression-free interval, especially in the advanced stages of cancer, was about 18 months, with approximately 80% of patients having a recurrence within 1-2 years [2] .
In addition, patients with tumor progression over 6 months after completing treatment with platinum-based chemotherapy could be benefit from retreatment with the platinumbased regimen again and were categorized as platinumsensitive patients. In contrast to patients whose tumor progression during or under 6 months after completing treatment showed very poor prognoses and were categorized as platinum-resistant patients due to no benefit from platinum-based chemotherapy [3] . Considering these findings, it is imperative to discover potential predictive factors that identify patients who are resistant to platinum-based treatment and at a high risk of early progression. If identified earlier, platinum-resistant EOC patients could benefit from aggressive therapeutic schedules in the first-line treatment, such as extensive surgical debulking procedure, use of dose-dense chemotherapy, or addition of a targeted therapy (e.g., bevacizumab).
A recent molecular cancer study suggested that an increase in the parameters of inflammatory markers, such as neutrophils and platelets, could facilitate tumor initiation, tumor progression, induction of angiogenesis, and promote metastatic spreading by inhibiting the natural killer functions of the body [4] . Thus, the elevated neutrophil-to-lymphocyte ratios (NLRs) and platelet-to-lymphocyte ratios (PLRs) in many solid tumors can be associated with worse prognoses [5] . In addition, other clinical manifestations such as the presence of malignant ascites, a suboptimal residual tumor, a high cancer antigen 125 (CA125) reading and a high-grade tumor can also be related to poorer outcomes [5] [6] [7] . However, studies to predict the factors involved in platinum-based chemotherapeutic responses are still limited. This study was conducted as a retrospective review to identify the potential clinical and blood inflammatory parameters that could be used to predict platinum status and survival outcomes in patients with EOC.
Materials and methods

Patient selection
This retrospective study was conducted following the ap-proval by the Research Ethics Committee at Chiang Mai University Hospital. The medical records of patients with EOC, fallopian tube cancer and primary peritoneal adenocarcinoma who were initially treated through either primary surgery or neoadjuvant chemotherapy before surgery at the Chiang Mai University Hospital, between January 2007 and December 2017, were retrospective reviewed. Patients with missing data were excluded. Finally, 306 patients who met the inclusion criteria were recruited into the study. The following clinical and pathological data were collected: age, body mass index, parity, menopausal status, the presence of ascites, primary treatment, International Federation of Gynecology and Obstetrics (FIGO) staging, residual disease, estimated blood loss during surgery, operative time, histology, and tumor grade. All patients enrolled in the study underwent comprehensive surgical staging or tumor debulking as clinically indicated. Optimal debulking was defined as a procedure that left a maximum residual tumor of less than 1 cm. The chemotherapy regimens consisted of carboplatin area under the curve (AUC)=5 plus paclitaxel 175 mg/m 2 (PT regimen) or single carboplatin AUC 5-6. All regimens were given every 3 weeks for a total of 6 cycles. If disease progression or severe toxicity occurred, chemotherapy was discontinued. In addition, some patients continued on a chemotherapy regimen beyond 6 cycles if deemed necessary by their physicians. Neoadjuvant chemotherapy was administered when debulking surgery was not suitable for the patient.
Blood tests for ovarian cancer antigen (CA125) and hematologic markers were collected within 3 weeks prior to initial treatment. NLR and PLR were calculated from complete blood cell count using the absolute neutrophil count divided by the absolute lymphocyte count and the absolute platelet count divided by the absolute lymphocyte count, respectively.
After treatment was completed, the patients' response to therapy was evaluated using radiologic evaluation and/ or CA125 measurement. Follow up included a physical examination and a CA125 blood test every 3 months in the 1 st year, every 4 months in the 2 nd year, every 6 months in the 3 rd to 5 th years, and subsequently annually. The diagnosis of progression was determined according to the Response Evaluation Criteria in Solid Tumors or tumor markers.
Patients were divided into 2 groups according to the time to progression after chemotherapy was discontinued. The first group was defined as the platinum-resistant group as patients developed tumor progression during or within Dhammapoj Jeerakornpassawat, et al. Potential factors for ovarian cancer 6 months of completion of chemotherapy. The second group was defined as the platinum-sensitive group as tumor progression occurred at 6 months or longer after completion of treatment.
Overall survival was defined as the time from treatment initiation to the last follow up or death.
Statistical analysis
Statistical analysis was performed using the IBM SPSS Statistics for Windows program (version 22; IBM Corp., Armonk, NY, USA). Chi-square or Fisher's exact test were used for the comparative analysis of the factors between the platinum- resistant and -sensitive groups and to calculate odds ratios (ORs) for the categorical variables. They were also used for comparative clinical variables between both cut-point NLR and PLR. A receiver operating characteristic (ROC) curve was used to assess the discriminative role of the NLR, PLR, and CA125 levels, and the best cutoff value for each item was determined to further predict the platinum status. Binary logistic regression analysis with a backward likelihood ratio method was used to identify the potential independent predictive factors for platinum resistance. The cumulative survival curve was estimated using the Kaplan-Meier method. A comparison between survival curves for each factor was carried out using the log rank test for the analysis of equality of survival distribution. Cox proportional hazard models were applied to explore predictors of survival outcomes through univariate and multivariate analyses. A P-value of <0.05 was considered statistically significant.
Results
The patient characteristics are noted in platinum resistance, ROC and the AUC for the optimum cutoff points of NLR, PLR, and CA125 were used, and the results showed the most effective cutoff point were 3.38 for NLR, 210 for PLR, and 365 IU/L for CA125 ( Figs. 1 and 2) . The possible risk factors for predicting platinum resistance were categorized into 2 groups for comparison in the univariate analysis, and the significant factors were further evaluated in the multivariate analysis as noted in Table 2 . The results showed the risk factor NLR to be >3.38, PLR to be >210, and CA125 levels to be >365 IU/L. Advanced stage, suboptimal disease, serous type and the presence of ascites were significant potential predictive factors for platinum resistance. However, only an NLR >3.38 and advanced stage were independent potential predictive factors for platinum resistance with the adjusted ORs of 1.880 and 3.333, respectively.
Regarding prognostic factors related to survival outcomes, an NLR >3.38, a PLR >210, a CA125 >365 IU/L, advanced stage, suboptimal diseases, serous histology, tumor grade Chi-square test; b) Binary regression analysis (backward ratio statistic). and the presence of ascites showed a poor 5-year overall survival rate in the univariate analysis. However, only a PLR > 210 and an advanced stage diagnosis were independent potential prognostic factors for survival, with the respective adjusted hazard ratios (HRs) of 1.578 and 3.994. These details are presented in Table 3 . Furthermore, both a high NLR (>3.38) and PLR (>210) were found to be significant in patients with a high CA125 reading (>365 IU/L), advanced stage, suboptimal residual tumors and presence of ascites, as noted in Table 4 .
Discussion
The present study found that NLR >3.38 and advanced stage were independent predictive factors for platinum resistance. NLR is a very useful parameter in the prediction of chemoresponsiveness due to its ease of determination. This marker could be used to evaluate the systemic balance between neutrophil-dependent pro-tumor inflammation and lymphocyte-associated anti-immune response. High NLR could represent a trend towards increased pro-tumor inflammation and decreased anti-tumor immune capacity, which might affect the tumor response to chemotherapy [4, 8] . Miao et al. [9] recently published the role of preoperative NLR and PLR as prognostic markers for predicting the chemotherapeutic response and survival outcomes in 344 EOC patients who received platinum-based chemotherapy. Those authors found that an NLR >3.02 was significant in the prediction of the chemotherapeutic responses. This cutoff point value was similar to the one found in our study. However, the authors also reported significant independent prognostic factors for survival outcomes from both NLR and PLR, whereas in our study, only a high PLR was found to be an independent prognostic factor for poor survival. The cutoff point of PLR in the Miao study [9] was 207, which was similar to the cutoff point of 210 in our study. Both PLR and NLR are promising inflammatory biomarkers of chronic inflammation, which is a key factor in all stages of cancer formation, including initiation, promotion, development and progression of ovarian cancer [10] . Tian et al. [11] recently published a meta-analysis of the prognostic significance of PLR. They performed 11 studies comprising 3,574 patients with EOC and demonstrated that a PLR above 200 revealed a negative impact to both progression-free survival and overall survival. In regards to the NLR, Huang et al. [12] carried out a meta-analysis by recruiting 12 studies, totaling 3,854 EOC patients. They found that a high pre-treatment NLR level was significantly associated with poorer overall survival (HR of 1.69) and shorter progression-free survival (HR of 1.63), as well as a lower chemotherapeutic response (OR, 0.53). The cutoff points of these studies were within a range of 2.11-3.91. The inconsistent outcomes between the present study and previous publications that reported that NLR was significant in platinum resistance but did not affect survival outcomes, whereas the PLR was significant only in the survival outcomes might be due to several reasons. The first is in relation to the differing cutoff points. Our cutoff level was based on the platinum status and not on the survival outcome. Second, the variation in the population may have had an impact, as our study recruited data from fallopian tube cancer and primary peritoneal adenocarcinoma patients, in addition to EOC patients. This was because of the similar treatment guidelines [13] . However, most previous studies recruited only EOC patients, which may have had an impact on the findings [12] . Finally, patients who received initial treatment with neoadjuvant chemotherapy were also enrolled in our study, which again was anomalous to methods used in other studies. Regarding other predictive factors for chemotherapy resistance, our study found advanced stage was a significant independent factor. To explain this, Li et al. [14] suggested that the mechanism involved in chemotherapeutic resistance Chi-square test.
